The timely and accurate identification of symptoms of acute coronary syndrome (ACS) is a challenge for patients and clinicians. It is unknown whether response times and clinical outcomes differ with specific symptoms. We sought to identify which ACS symptoms are related-symptom clusters-and to determine if sample characteristics, response times, and outcomes differ among symptom cluster groups.
Differences in Mortality in Acute Coronary Syndrome Symptom Clusters

Abstract Background
The timely and accurate identification of symptoms of acute coronary syndrome (ACS) is a challenge for patients and clinicians. It is unknown whether response times and clinical outcomes differ with specific symptoms. We sought to identify which ACS symptoms are related-symptom clusters-and to determine if sample characteristics, response times, and outcomes differ among symptom cluster groups.
Methods
In a multisite randomized clinical trial, 3522 patients with known cardiovascular disease were followed up for 2 years. During follow-up, 331 (11%) had a confirmed ACS event. In this group, 8 presenting symptoms were analyzed using cluster analysis. Differences in symptom cluster group characteristics, delay times, and outcomes were examined.
Results
The sample was predominately male (67%), older (mean 67.8, S.D. 11.6 years), and white (90%). Four symptom clusters were identified: Classic ACS characterized by chest pain; Pain Symptoms (neck, throat, jaw, back, shoulder, arm pain); Stress Symptoms (shortness of breath, sweating, nausea, indigestion, dread, anxiety); and Diffuse Symptoms, with a low frequency of most symptoms. Those in the Diffuse Symptoms cluster tended to be older (P = .08) and the Pain Symptoms group was most likely to have a history of angina (P = .01). After adjusting for differences, the Diffuse Symptoms cluster demonstrated higher mortality at 2 years (17%) than the other 3 clusters (2%-5%, P < .001), although prehospital delay time did not differ significantly.
Conclusion
Most ACS symptoms occur in groups or clusters. Uncharacteristic symptom patterns may delay diagnosis and treatment by clinicians even when patients seek care rapidly. Knowledge of common symptom patterns may facilitate rapid identification of ACS.
Introduction
In ACS, symptoms are an important early indicator of the need to seek care. Patients have great difficulty determining the importance of their symptoms, however, and prehospital delay in seeking care continues to be a problem in this population. 1 Clinicians also struggle to diagnose ACS in the early hours before cardiac biomarkers rise. We reasoned that if clusters of ACS symptoms that patient experience could be identified, early recognition of ACS, early diagnosis, and outcomes might be improved.
The National Heart, Lung and Blood Institute and the American Heart Association publicize typical symptoms of AMI, which include chest discomfort (e.g., pressure, squeezing, fullness, or pain) that radiates to the arms, back, neck, jaw, or "stomach", shortness of breath, sweating, nausea, and light-headedness. 2 No mention is made, however, of symptom patterns or the likelihood of these symptoms occurring simultaneously.
A symptom cluster is defined as two or more symptoms that are related to each other and that occur together. 3 Symptom clusters have been examined in other illnesses, most commonly cancer, 4, 5 and found to aid in assessment by enhancing pattern recognition. 6 Cardiac symptom clusters are just beginning to be investigated. 7 Only three studies using cluster analysis in ACS patients were located. In a sample of 212 patients admitted with acute chest pain, Eslick 8 clustered chest pain characteristics and locations using k-means cluster analysis in an attempt to differentiate cardiac from non-cardiac chest pain. They concluded that there is considerable overlap in patients with cardiac and noncardiac chest pain and discouraged providers from making a diagnosis based on pain location and patient description. In a secondary analysis of 1,073 people having an acute myocardial infarction (AMI), Ryan and colleagues 9 identified five symptom clusters using latent class cluster analysis. They concluded that none of their five symptom clusters included all the classic symptoms of ACS (chest discomfort, diaphoresis, shortness of breath, nausea, and lightheadedness) and recommended that symptom clusters be communicated to the public to help them assess their symptoms more effectively. Lindgren et al 10 clustered cardiac symptoms occurring prior to hospitalization for ACS in 247 elderly patients. Using cluster analysis to categorize patients with similar symptom profiles, they identified three symptom clusters: classic ACS symptoms, diffuse symptoms, and a "weary" (severe fatigue, sleep disturbance, and shortness of breath) pattern in patients most likely to have a history of heart failure. They concluded that further research was needed to clarify the relationships among symptoms and health outcomes.
In this study we identified ACS symptom clusters. Then we compared the cluster groups to identify demographic and clinical differences among the groups. Finally, differences in the number of emergency department (ED) visits, prehospital delay time, and mortality were compared in the cluster groups.
Methods
The data for this study were obtained from the randomized, controlled PROMOTION clinical trial (Clinical Trial Registration: URL http://clinicaltrials.gov/ct2/show/NCT00734760#NCT00734760), details of which have been published elsewhere. 11 Briefly, the PROMOTION trial tested a secondary prevention intervention of education and counseling intended to reduce prehospital delay in response to ACS symptoms. Patients were eligible for the study if they had a history of CAD (e.g., prior AMI), clinical atherosclerotic disease of the aorta or peripheral arteries, or clinical cerebrovascular disease, based on the recommendations of the National Heart Attack Alert Program 12, 13 and lived in the community. Exclusion criteria were: 1) complicating serious comorbidity such as a major psychiatric illness, 2) untreated malignancy or neurological disorder that impaired cognition, 3) inability to understand spoken or written English, and 4) major and uncorrected hearing loss. Between 2001 and 2004, subjects were enrolled from five centers; three in the United States and one each in Australia and New Zealand and followed for two years. The local Institutional Review Board at each site approved the study and all participants gave informed consent.
Sample
A convenience sample of 3522 persons was enrolled into the parent trial. Over the two year follow-up period, 565 (16%) patients visited an ED. The main outcome of interest in the parent trial was time from ACS symptom onset to arrival at the ED (i.e., prehospital delay time) during the two year follow-up period. Prehospital delay time was measured as the time from symptom onset to hospital presentation and obtained from the hospital medical record. If no notation was found in the medical record, delay time was obtained from the emergency medical system (EMS) prehospital medical reports.
Intervention
Experimental group subjects received a face-to-face educational intervention of approximately 40 minutes duration, administered by a cardiovascular nurse. 11 The intervention addressed informational, emotional, and social factors known to increase delay in response to symptoms. Any negative events associated with prior experience in seeking care were discussed in the context of the current informational message. Patients were asked to bring to the intervention session their spouse, a significant other, or the person most likely to be called upon to help. Supporters were "deputized" to act as the decision maker if the patient hesitated to call EMS. Scenarios, role-playing, and rehearsal were used to accomplish the intervention goals.
Few significant group (experimental or control) differences were found in subject characteristics at baseline. 14 After two years of follow-up, no significant group differences were found in the number of ED visits, mortality, or prehospital delay time; median prehospital delay time was 2.20 hours in the experimental group vs. 2.25 in the control group.
Procedure
In the current study, all participants who sought care at an ED and were subsequently hospitalized for a documented ACS event were included (N=331; 9% of sample). Comparability of the experimental and control groups at baseline and in outcomes supported our decision to combine the groups for this analysis.
During follow-up in the parent trial, participants were identified as having sought care for ACS symptoms after patients called the research office to report an event, through routine review of affiliated hospital records, and during routine telephone follow-up calls. All ACS events were verified the medical records by registered nurse research assistants. Participants who sought care were interviewed by research assistants, usually within days of hospital discharge, to identify which cardiac symptoms prompted them to seek care.
Symptoms were measured by scripted telephone interview with items adapted from the REACT Trial. 15 Patients were asked about seven symptoms: 1) chest pain, discomfort or pressure; 2) left arm pain or discomfort; 3) shortness of breath; 4) sweating; 5) upset stomach; 6) discomfort in the area between the breastbone and navel; and 7) a sense of dread. An open-ended question about "other" symptoms generated 135 unique responses. The primary investigator used content analysis to classify these responses. 16 No attempt was made to reconcile patient reports with the medical record.
On content analysis, some symptoms occurred in so few and differed so much from others, that they could not be grouped (e.g., difficulty urinating; feeling cold). Others were similar to those suggested to patients and were added to existing categories (e.g., right arm pain was added to the left arm discomfort category and named arm pain or discomfort). The rest were grouped into these seven categories: 1) dizzy, lightheaded, feeling faint, passed out; 2) fatigued, tired, weak; 3) headache; 4) numbness, tingling; 5) back or shoulder pain; 6) neck, throat, or jaw pain; and 7) palpitations. All of these categories had at least five responses each.
When these 14 symptoms (7 suggested to patients and 7 from the content analysis) were analyzed, six occurred in fewer than 5% (n=17) and were not used further in analysis. One deleted symptom was from the list of suggested symptoms, discomfort in the area between the breastbone and navel (n=12); the other five came from the content analysis of patient responses: dizzy, lightheaded, feeling faint, passed out (n=12); fatigued, tired, weak (n=8); headache (n=5); numbness, tingling (n=7); and palpitations (n=13).
Analysis
Two approaches to symptom clustering have been used. 17 The first approach involves the grouping of symptoms by factor or cluster analytic techniques, or a combination of the two. 18 The second approach involves identifying subgroups of patients at risk for specific symptom clusters. Cluster analysis or latent class analysis can be used to identify patient subgroups. In this study, the eight symptoms were analyzed using two-step cluster analysis, which accommodates categorical variables. The log-likelihood distance measure was used, with subjects categorized under the cluster associated with the largest log-likelihood. 19 No prescribed number of clusters was suggested. The Bayesian Information Criterion was used to judge adequacy of the final solution.
Associations between symptoms reported were assessed using bivariate Chi-square tests of association. Univariate differences in sample characteristics were compared according to cluster membership using one-way ANOVA models and chi-square statistics for continuous and categorical variables, respectively. For the analysis of continuous variables, the model assumption for variance homogeneity was assessed using Levine's tests. Outcome measures included number of ED visits at two years among subjects with at least 24 months follow-up, pre-hospital delay time on a logarithmic scale, and mortality. Simple Poisson, general linear, and Cox regression models were used to assess cluster membership as an independent predictor of ED visits, pre-hospital delay time (transformed on the log scale or categorized as < 2 hours or ≥ 2 hours) 20 , and mortality, respectively; multivariate models were also generated for outcome, with adjustment for variables significant in preliminary analyses, as well as primary ED admission diagnosis. Age was included in the multivariate models of outcome due to its known prognostic importance. Statistical significance was demonstrated on the basis of a pvalue less than 0.05.
Results
The sample of 331 patients was predominately male (67%), older (mean 67.8, SD 11.6 years), white (91%), educated beyond high school (61%), married (63%), and retired (80%). Most had a history of prior AMI (61%) and most were under the care of a cardiologist (84%). Most were admitted with a diagnosis of unstable angina (60%).
Frequencies for each of the eight symptoms analyzed are shown in Table 1 . When the eight symptoms were examined for association, six symptom pairs were significantly related ( Table  2 ). Based on the BIC criterion and log-likelihood distance, four clusters were identified ( Figure  1 ). For four clusters, the BIC ratio of change was 0.581, which was maximum among clusters of four or higher, and the ratio of distances was 1.557, maximum among all solutions.
Chest pain loaded independently and was called Classic ACS (n=113). The second cluster contained primarily arm, back, shoulder, neck, throat, and jaw pain; this cluster was named Pain Symptoms (n=75). In the third cluster, shortness of breath, sweating, nausea, indigestion, dread, and anxiety were predominant, so this cluster was named Stress Symptoms (n=80). A fourth cluster contained most of the symptoms, but since none was highly represented, this factor was named Diffuse Symptoms (n=63).
When differences among the cluster groups were examined, those in the Diffuse Symptoms cluster tended to be older (p=.08) ( Table 3 ). There were no gender differences in symptom clusters. The only clinical characteristic that differed among the clusters was a history of angina; those in the Pain Symptoms cluster group were most likely to have a history of angina (p=.01). The proportion of patients delaying 2 hours or more was comparable and not significantly different among the groups.
Multivariate models with adjustment for age, angina history, and specific ACS diagnosis are in Table 4 . In both simple and multivariate models, the number of ED visits and prehospital delay time did not differ significantly among the groups. Multivariate Cox proportional hazards modeling demonstrated that symptom cluster was a significant predictor of mortality (Table  5) ; with adjustment for history of angina and ED diagnosis as AMI, those in the Diffuse Symptoms cluster had significantly higher mortality than those with Classic ACS (p=.002), Pain Symptoms (p=.017), and Stress Symptoms (p=.037). Figure 2 displays Kaplan-Meier estimates of mortality according to the four symptom cluster groups, illustrating significantly higher two-year mortality estimates in the Diffuse Symptoms cluster (17% versus 2-5% in the other three clusters, log rank p<.001).
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Discussion
Four symptom clusters were identified in this sample of patients with known CAD who were hospitalized with a diagnosis of ACS. Although prehospital delay time and number of ED visits did not differ among the symptom cluster groups, those with the Diffuse Symptoms pattern had significantly higher mortality rates within the two years of follow-up.
One explanation for the increase in mortality among those with Diffuse Symptoms, in spite of comparable prehospital delay times, is that clinicians may have difficulty diagnosing ACS with an atypical presentation. It may be that patients presenting with this cluster are not treated as rapidly as those with the other symptom patterns, and they may receive less aggressive treatment of symptoms or have ischemic episodes that are missed by clinicians. 21 Attention to this cluster of symptoms may heighten suspicion and facilitate early diagnosis and treatment of these patients.
The clusters identified are similar to those found by Lindgren et al 10 in that they also identified a Classic ACS cluster and a Diffuse Symptoms cluster. However, their Classic ACS cluster included fatigue, which was one of the symptoms reported by so few in our sample that it could not be used in the cluster analysis. Their cluster of Diffuse Symptoms was characterized by low symptom intensity. We did not measure intensity, just the occurrence of various symptoms. So, in our study the diffuse pattern reflected a low frequency, diffuse pattern of symptoms. The Diffuse Symptoms cluster is also similar to a cluster described by Ryan et al, 9 who identified one cluster without any high probability symptoms.
The Stress Symptoms cluster of shortness of breath, sweating, dread, and anxiety is difficult to diagnose because the symptoms are similar to those experienced during a panic attack. 22 The challenge for clinicians is to attribute the symptom cluster to the correct diagnostic category. Some guidance is found in the study by Meuret and colleagues 22 who evaluated clusters of panic attack symptoms and identified three factors. Importantly, shortness of breath, sweating, and anxiety all loaded on different factors, suggesting that when these symptoms are combined, they signal ACS, not panic disorder. Thus, ACS should be suspected when encountering this cluster of symptoms until proven otherwise.
It was surprising that no gender differences were found in the symptom clusters, based on prior research, 23 but this may be due to the fact that fatigue, the primary symptom in women, 24 was not able to be included in the analysis. Others have found a higher rate of arm, neck, throat, and jaw pain in women than men, 25 so we expected to find that women were more likely to experience the Pain Symptoms cluster more than men. The difference in our results may reflect differences in the manner in which symptoms were measured.
A notable finding is the high percentage of both men and women in the current study who experienced chest pain, discomfort or pressure associated with ACS. Others have found that patients hospitalized for AMI and presenting with symptoms other than chest pain were most likely to be female and older. 26 Our results suggest that high percentages of both men and women report chest pain. These results are consistent with those of prior investigators who found that chest pain is a major symptom of ACS in both men and women. 26, 27 Limitations Limitations of this study include the retrospective nature of data collection. Participants were interviewed as quickly as possible following hospitalization, but we asked about the symptoms that brought them into the hospital and some period of time had passed since the event. Another limitation is the method used to collect data on symptoms. Although standardized scripts and procedures were used to elicit symptoms, a longer list of possible symptoms and one that measured intensity rather than just incidence would have been useful. We also combined some symptoms to allow them to be included (e.g., dread was combined with anxiety) and our combinations could be questioned by others. The Diffuse Symptoms cluster, the cluster associated with higher mortality, had the smallest number of patients and requires further investigation to confirm whether or not the trend is consistent with others. However, a similar cluster has been found in two prior studies, lending more credence to this result. 9, 10 The results of this study are limited by the participants enrolled: individuals with prior CVD who chose to sit through a 40 minute educational session. Most participants were white, limiting analyses of racial/ethnic group differences. Further research is needed to replicate these results, test the veracity of the clusters, and to determine if these symptom clusters are found in other racial/ethnic groups.
In summary, we have identified four ACS symptom clusters. Some of the symptoms that grouped together could be interpreted as vague (e.g., shortness of breath) or nonspecific (e.g., neck pain) in isolation, but in the context of the other symptoms in the cluster, patients and clinicians may identify ACS more readily. Mortality was higher in those experiencing the Diffuse Symptoms cluster. Based on these results we advocate an increased index of suspicion for patients with an atypical symptom presentation. Patients with more than one vague symptom should be suspected to have ACS. Patients with the Diffuse Symptoms cluster had significantly higher mortality rates during the two year follow-up compared to patients admitted to the hospital with one of the other three symptom profiles. Table 2 Associations between Symptoms Reported by the Patients with Acute Coronary Syndrome (N=331) * Groups were compared using one-way ANOVA model for age and Chi-square statistics for the remaining variables.
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